Inhibitory and stimulatory effects of fluoride on the calcium pump of cardiac sarcoplasmic reticulum.
While studying the effects of membrane phosphorylation on active Ca2+ transport in cardiac sarcoplasmic reticulum (SR) we used NaF (a conventional phosphatase inhibitor) in the Ca2+ transport assay medium to suppress protein dephosphorylation by endogenous phosphatases. Unexpectedly, depending on the experimental conditions employed, NaF was found to cause a strong inhibitory or stimulatory effect on ATP-dependent, oxalate-facilitated Ca2+ uptake (Ca2+ pump) activity of SR. Investigation of this phenomenon using canine cardiac SR revealed the following. Exposure of SR to NaF in the absence of Ca2+ or ATP in the Ca2+ transport assay medium (prior to initiating Ca2+ transport by the addition of Ca2+ or ATP) promoted a striking concentration-dependent inhibitory effect of NaF (50% and 90% inhibition with approx. 4 and 10 mM NaF, respectively) on Ca2+ uptake by SR; the magnitude of inhibition did not differ appreciably with varying oxalate concentrations. In contrast, exposure of SR to NaF in the presence of both Ca2+ and ATP resulted in a concentration-dependent stimulatory effect of NaF (half-maximal stimulation at approx. 2.5 mM NaF with 2.5 mM oxalate in assay) on Ca2+ uptake; the magnitude of stimulation decreased with increasing oxalate concentration (greater than 2-fold at 1 mM oxalate, 10% at 5 mM oxalate). The inhibitory effect prevailed when SR was exposed to NaF in the presence of Ca2+ alone (without ATP) or ATP alone (without Ca2+). Both the inhibitory and stimulatory effects of NaF were specific to fluoride ion, as NaCl (1-10 mM) showed no effect on Ca2+ uptake by SR under identical assay conditions. A persistently less active state of the Ca2+ pump (evidenced by decreased Ca2+ transport rates) resulted upon pretreatment of SR with NaF in the absence of Ca2+ or ATP; presence of Ca2+ and ATP during pretreatment prevented this transition. The inhibitory action of NaF on the Ca2+ pump was accompanied by a two-fold increase in K0.5 for Ca2+ and decrements in Hill coefficient (nH) and Ca(2+)-stimulated ATP hydrolysis, as well as steady-state level of Ca(2+)-induced phosphoenzyme. The stimulatory effect of NaF, on the other hand, was associated with an increase in the ratio of Ca2+ transported/ATP hydrolysed with only minor changes, if any, in the above parameters. These findings imply that the divergent effects of fluoride are dependent on specific conformational states of the Ca(2+)-ATPase which evolve during the catalytic and ion transport cycle.(ABSTRACT TRUNCATED AT 400 WORDS)